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PREFACE 






The results reported in this document are based upon 
research which was conducted from January, 1963, to the conclusion 
of the project in August, 1964. 

A considerable amount of information concerning the project 
was summarized in an interim report of January, 1964 (Lutz & Lutz, 
1964) . Tentative conclusions in that document are restated and 
supported on the basis of the additional data collection and 
analysis which has occurred since the publication. 
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CHAPTER I 



PURPOSE 

Today, whether we Americans like it or not, accept the fact 
or not, we live in a thermo-nuclear age. There are in this world 
powers and nations whose way of life is utterly inimical to that of 
our own; powers who have stated as matters of national policy that 
they would "bury" us. This means that the possibility exists that 
our nation may (we trust never!) be subjected to nuclear attack. 

As one means of insuring the Nation's survival, the Office of Civil 
Defense has urged construction of fallout shelters, shelters that 
afford protection to the citizenry against radioactive fallout. 

The costs of providing adequate shelter space for all, or even a 
significant minority, are staggering. One possible solution, or 
partial solution, is to construct public and government buildings 
with two purposes in mind: the fallout shelter function, and the 

organization function. An obvious consideration for such treatment 
would be the public schools, since few communities have been able 
to pause in the construction of new schools as they strive to catch 
up with burgeoning population growth. 

That these issues are urgent and current can be readily 
documented. For this purpose, a few excerpts from a rdcent 
Congressional hearing are given: 

There should be enough shelters all over • the country where 
police, medical, and other emergency units can be protected. 

The shelter program, moreover, should be a nation-wide one 
(Hearings, No. 11, Part I, p. 3116). 

If a shelter meets the requirement of protecting against 
radioactive fallout, can it also he used, when it is not 
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being used for shelter purposes, as a classroom, an 
auditorium, a gymnasium, etc.? 

One hundred and four million shelcers are needed. Only 
604 of the people at the presenc i ime are protected. It 
will take over 20 years to build 104 million shelters, and 
only 70 to 75 million are going to be usable (Hearings, 

No. 22, Part III, pp. 5620, 5671). 

(Fallout shelters) give the American people some feeling 
of security. (They) are also a very effective protection. 

From a psychological point of view, home shelters are 
preferable, because they will not cause anxiety in 
children, while school shelters would. 

* 

Are operational costs for this underground school 
considerably higher than for a regular school building? 

We feel that it would be a great mistake to place shelters 
in school and create a kind of atmosphere which will put 
the children into a fear status (Hearings, No. 20, Part II, 

Vol. 1, pp. 3607, 3693, 4288, 4471). 

These questions and remarks indicate several things. First^ 

we need more fallout shelters. Second, serious questions have been 

raised concerning the advisability of using the school to serve in 

the dual capacity of both school and fallout shelter. It was to 

this latter issue that the present research was directed. 



HYPOTHESES 

Succinctly, the purpose of this investigation was to determine 
whether pjipils attending a school-fallout shelter suceed as well as 
their brethren whb are enrolled in conventional schools. Or to put 
it another way, were there any measurable, harmful effects that 
could be attributed to attending an underground school-fallout 
shelter? Consequently, the major hypothesis tested in this study 



■ was that there are no significant differences in educational outcomes 
(overall achievement, emotional stability, physical health, and 
attitudes) among pupils in conventional, windowless, and under- 
ground schools. 

This major hypothesis was divided into six sub-hypotheses: 
There are no differences in operational costs 
between an underground school and conventional 
schools . 

> H2: Teachers' attitudes and opinions are the same in an 

underground school as in conventional schools. 

Pupils' measured anxiety in an underground school is 
not different from pupils' anxiety in conventional 
schools . 

Attendance rates are the same between pupils in an 
underground school and conventional schools. 

Pupils' achievement is not related to the type of 
school attended, underground vs. conventional. 

Parents whose children attend an underground school 
possess attitudes toward school that are comparable 
to attitudes of parents whose children attend 




conventional schools. 
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CHAPTER II 

SETTING. FACILITIES; PHYSICAL FEATURES, SAMPLE 

Abo school is an elementary school containing 18 classrooms 
and supporting facilities, and, with the exception of its entrance, 
is built completely underground. Abo school takes its name from 
the Empire Abo Oil Field, and i, located in Artesia, New Mexico. 

Artesia, a town of about 13,000 people, is situated in the 
southeastern part of New Mexico. Its major industries include the 
production of cotton, alfalfa and livestock, processing and trading 
cotton, and the production and refining of gas, oil, and potash. 

The landscape is flat. Farming is done through irrigation. The 
temperature gets very high in the summertime, and dust storms are 
common. The Artesia School District serves some 18,000 people. 

In an effort to combat the problems of dust and extreme 
temperatures, a local architect, Mr. Frank Standhardt, began ' 
experimenting with the concept of windowless schools. One such 
building (Yucca Elementary School), an above-ground, windowless 
school, has been built in Artesia. The step from an above-ground 
windowless building to one built completely underground is obvious, 
especially when, in addition to its regular function, the building 
IS intended to serve as a fall-out shelter. 

This, then, is Abo School-an elementary building containing 
about 30,000 square feet, built completely underground, and 
containing those additional facilities and provisions which enable 
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it to serve as a fall-out shelter in time of emergency. Abo school 
is topped with an insulated concrete slab 21 inches thick. Seven- 
eighths-inch steel doors, weighing 1,800 pounds each, can be bolted 
shut in a crisis. One hundred and forty tons of steel and 4,000 
cubic yards of concrete were used in its construction. 

Completed on April 20, 1962, Abo school is first in America 
and so far as it is known, first in the world to double as a fall- 
out shelter. It is built to accommodate up to 540 students, and 
2,000 or more people when used in a disaster. 

Three other schools from the Artesia System were also 
included in this research; Yucca Elementary School, which is above- 
ground and windowless; and Central and Hermosa Elementary Schools, 
which are conventional, windowed structures. 

In September, 1964, a new Junior High School will begin 
operation in Artesia. This school is built on two levels--one 
completely below ground and the other above-ground and windowless. 

Thankfully, Abo school has never had to serve as a fall-out 
shelter for an atomic attack. However, in June of 1964, the town 
of Artesia experienced a flash flood which brought four feet of 
water into homes in certain sections of the town. Hundreds of 
people who were homeless took refuge in Abo school until the water 
level receded. The effectiveness with which Abo, school served in 
this disaster is being evaluated at the time of this writing. 

It was felt that for the purpose of testing certain hypotheses 
in the study, pupils and teachers from school 



s outside the community 
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of Artesia should be included. For this purpose the researchers 
chose two Nevada School Systems--one which in this report we shall 
call Nevada I, and the other which we shall call Nevada II. 

Nevada I has a population of 10,500, and its chief industries 
include gaming and tourism. Nevada II has a population of 3,500. 
Tourism, government, and ranching are its major industries. 

All three communities used in the research represent rather 
typical western towns. They serve a large rural area surrounding 
the town, and have some light industry. Tourism is more important 
in the Nevada communities than in Artesia. 
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CHAPTER III 
PROCEDURES 

The major portions of the study were undertaken in Artesia, 
New Mexico. The procedures involving these schools are related in 
detail, whereas the Nevada aspects, being routine, are discussed but 
briefly. The various steps and rationales for year one (1962-63) 
are presented separately from those of year two (1963-64). 

Fall . 1962 

The Stanford Achievement Tests were given to pupils in grades 
4, 5, and 6. This was a routine, annual event. These data served 
as benchmarks from which subsequent pupil gains were measured. 

Spring . 1963 

The Stanford Achievement Tests were repeated in May, A 
variety of non-cognitive elements were studied, especially the 
domain of anxiety. To this. end, Sarason's "Test Anxiety Scale for 
Children," and his "General Anxiety Scale for Children" (Sarason, 
1960), were given in spring. Much effort was devoted to reassuring 
the community of the harmlessness of these tests; radio, press, and 
public meetings were held to allay suspicions. The possible 
consequences upon the obtained scores is indeterminate. However, it 
seems reasonable to assume that lyhatever the effects, they x^^ere 
randomly distributed among the four schools. 
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During this period, the teachers were asked to respond to 
three instruments, Taylor's "A Personality Scale of Manifest 
Anxiety (Taylor, 1953), Hol^'fion's scales for measuring attitudes 
toward parents, the career of teaching, and school policy and 
administration (Holemon, 1963), and Moeller's "Sense of Power" 
test (Moeller, 1962) . The teachers' personnel records were examined 
to find whether of not significant differences existed between 
teachers in the different schools in variables such as age, 
experience, etc. Finally, the pupils were given an opportunity to 
react to the Morse Classroom Behavior Questionnaire (Morse. 1961). 

This scale purports to measure classroom social structure, attitude 

toward learning, and the child's perception of himself in the learning 

situation. 

The purpose of these Various measures was to determine the 
degree to which the various school populations were comparable, i.e.: 
were Abo pupils and faculty "different" from the pupils and faculties 
in the other three schools at the outset of the experiment? It would 
have been desirable to continue with the anxiety testing in order to 
learn whether or not anxiety increased or decreased with time, 
particularly in the Abo group, but the community climate was not 
propitious for further study in this dimension. 

Beginning in November, and concluding in January of 1964, a 
sample of 24 parents was drawn from each of the four schools. • This 
stratified random sample of 96 . represented patents^, of pupils in 
grades 1, 4, and 6. The sanq)le was reached by telephone, when 



possible, and the responses to a structured interview recorded by the 
interviewer. Those without telephones were called upon at their homes. 
Seven parents were dropped without replacement after failure to reach 
them by four telephone attempts and three home calls. The interviev; 
attempted to ascertain parental attitudes toward "undergroundness” 
as a suitable educational environment. 

Spring , 1964 

The pupils were tested again with the Stanford Achievement 
Tests. A questionnaire was devised and given to all of the teachers, 
as was the Edwards Personal Preference Schedule (Edwards, 1959) . 

The latter was given on a voluntary basis (well, not entirely: a 

bonus of $5.00 was offered to teachers who would take the test). 

The questionnaire estimated teachers' attitudes toward "under- 
groundi.ass." 

At the close of the school year, attendance records were 
obtained so the four schools could be compared. "Average Daily 
Membership" and "Average Daily Attendance" data were obtained, since 
comparisons between these two sets of indexes afford an estimate of 
the absence rates of these schools. Presumably, schools with higher 
attendance rates have children who are healthier than those in schools 
having lower rates, other factors being equal. 

It was during this period that the achievement test data and 
the Edwards Personal Preference Schedule scores were obtained from 
a sample of teachers in two school systems in rural Nevada. The 
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first part of the data was gathered with the support of a grant from 
the University of New Mexico's Faculty Research Committee. As these 
data were analyzed, their relevancy to the Abo project became 
strikingly apparent: an opportunity was at hand to determine effects 

as well as to make it possible to generalize the Abo findings beyond 
the town of Artesia. 

In May, cost data were collected from the records of the 
Business Manager of the Artesia School System. Overall expenditures 
for electricity, gas, custodial supplies and hours worked by 
custodians were recorded for Abo, Hermosa, and Yucca schools. These 
data made it possible to compare certain costs of operation of these 
three schools. 

Parenthetically, it should be noted that the New Mexico 
Optometric Association expressed an interest in studying the effects 
of these unique school environments upon pupils' vision. They 
devised a longitudinal study to extend over three years. A team of 
optometrists measured several indexes of vision; all fourth grade 
pupils were checked during a February examination session. The 
results of this work are not presently (August, 1964) available. 

Summary of Procedures 

During the first year, pupils in grades 4, 5, and 6 of Abo 
(underground). Central, Hermosa and, Yucca (Windowless) schools were 
given fall and spring achievement tests. Measures were taken of 
teachers, pupils, and parents in the noncognitive areas of anxiety. 



11 



attitude, or opinion. Finally, certain teacher characteristics, 
e-g-> age, experience in teaching, etc. were analyzed. 

The second year, 1963-64, continued the program of fall and 
spring achievement tests. Teachers’ opinions on school environments 
were obtained, as were scores on the Edwards Personal Preference 
Schedule. Comparable personality and achievement test data were 
obtained from two school systems in Nevada. Oost-of-operatlon data 
were collected for Abo, Hermosa, and Yucca schools. 




CHAPTER IV 



COSTS 

The major areas of cost data were examined: those pertaining 

to expense of building a school underground as compared to a 
conventional school, and those pertaining to the expenses of 
operating the schools throughout the school year . These latter 
included such items as electricity, gas, janitorial service, etc. 

Costs of school construction, operation, and maintenance 
vary greatly from one part of the country to another. The reader 
is reminded that the cost data presented here are for Artesia, New 
Mexico, and were gathered during the two year period of this 
research . 

Capital Outlay 

The cost of building a conventional type school structure in 
Artesia, New Mexico, has been estimated to be $11.44 per square 
foot. The cost of a building above ground but windowless has been 
estimated to be $12.56 per square foot. The cost of an underground 
building, such as Abo, has been estimated to be $13.85 per square 
foot, or an increase of 21% over conventional structures. This 
latter figure includes the cost of those additional facilities which 
make an underground school also capable of serving as a fallout 
shelter (Board of Education) . 





Operation 
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For the purpose of comparing operational costs, three of 
Artesla's elementary schools were used-Abo, the underground school. 
Yucca, the above-ground, windowless school, and Hermosa, conventional 
windowed type building. All three buildings were designed by the 
same architect, Mr. Frank Standhardt, of Roswell, New Mexico. 
Information relative to size of the three schools is summarized in 

Table 1. (Central School was excluded from this analysis because of 
its venerable age.) 

Table 1 shows that Abo School had a gross cubage of 408,959 
cubic feet; which was between the larger Hermosa School and the 
smaller Yucca School. We see, too, that Abo yielded a somewhat 
smaller net cubage, as well as the smallest square footage. This 
school has a somewhat higher pupil density as shown by its A.D.M. 
of 662, which was larger than the other two schools. 

A record was kept of the amount of time each building was 
used for purposes not related to the regular educational program. 

Costs were prorated to Include only those related to the regular 

program. Figures are based on the period from September 1, 1963 
to May 31, 1964. 

Records were kept by the business office of the Artesla 
Public Schools on the costs of electricity, gas, and custodial 
services and supplies. (The cost of water was not Included, because 
it was found that water usage varied extensively depending upon the 
size of the school site and the amount used in maintaining lawns.) 
Summaries of cost data appear in Tables 2, 3, and 4. 




Table 1 
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Size of Schools 



School 


Gross Cubage* 


Net Cubage** 


Square Footage 


A.D.M.*** 


Abo 


408,959 


277,614 


29,851 


462 


Hermosa 


440,832 


310,840 


30,397 


380 


Yucca 


341,427 


279,318 


29,397 


329 



*Gross Cubage Includes outside to outside wall to top of roof. 

**Net Cubage Includes all open space — Inside wall to inside 



wall to ceiling. 

***A.D.M. = Average Daily Membership 1963-64 Cvchool year. 



Table 2 
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Costs of Electricity 
1963-1964 School Year 



School 


Cost per sq. ft. 


Cost per pupil in A.D.M, 


Abo 


$ .0987 


$6.31 


Hermosa 


.0165 


1.32 


Yucca 


.0756 


6.76 



Note.- The electricity rate varied from 1.94<? per kilowatt down 
to 1.25c per kw, depending upon the amount of electricity used. 
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Table 3 
Costs of Gas 
1963-1964 School Year 



School 


Cost per cubic ft. 


Cost per pupil in A.D.M, 


Abo 


$ .0015 


$ .92 


Hermosa 


.0027 


2.21 


Yucca 


.0014 


1.21 



Note.- Tlie rate paid for gas was 36<? per 1000 cubic feet. 
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Table A 

Custodial Services - 1963-6A School Year 
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School Man Hours Cost 



Cost per 

Cost per sq.ft. pupil in A..D.M. 



Abo lAAO $4,297.50 

Hermosa 2160 5,157.00 

4,297.50 



$ .0144 
.0170 



$ 9.30 
13.56 



Yucca 



1440 



0146 



13.06 
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Table 2, "Costs of Electricity," shows that both windowless 
schools, Abo and Yucca, used more electricity than the conventional 
school, Hermosa . A note is in order regarding the comparison of 
the nuality of lighting between the windowless schools and 
conventional schools. In the windowless buildings (Abo and Yucca), 
the lights are in operation whenever the building is occupied so the 
children are assured of adequate light at all times. In the 
conventional building (Hermosa), teachers are free to decide when 
the natural light is so inadequate that the artificial lights should 
be used. Visits to these rooms by the researchers showed wide 
variation in the judgment of individual teachers. On the basis of 
light meter readings, there were many instances when artificial 
lights should have been used but were not. 

Table 3, "Costs of Gas" shows that the two windowless 
structures were more economical to heat than the conventional 
building. This appeared with both indexes applied; cost per 
cubic foot of space, and cost per pupil. 

Table 4 shows that Abo School cost Considerably less for 
custodial services on a per pupil basis. The cost for custodial 
services on a per square foot basis showed that the two window- 
less structures were less expensive than the windowed school. 

The cost of supplies could not be treated quantitatively 
for several reasons. First, Abo School, being new, had to be 
stockpiled with a variety of supplies: cleaning compound, brooms, 

and the like. Second, it was found that custodians vary con- 
siderably in their use of these supplies, i.e., some wax a floor 





weekly, while others do sc less often. These variations did not 
seem to be a function of the structure. 

Maintenance 



The omission of maintenance costs in this report is not an 
oversight. Abo School has been in operation for only two years, and 
any maintenance cost comparison based on so short a period would be 
of little significance. It must be realized that many maintenance 

costs do not begin to appear until a building has been in use five 
or more years. 

However, it seems realistic to assume that the maintenance 
costs of Abo School over a long period of time will be considerably 
less than for a comparable structure of conventional type. In an 
underground school there is no window breakage or window washing. 

There is practically no exterior painting, and there is no mainte- 
nance or replacement of window shades or other devices used for con- 
trolling natural light. The 21-inch thick concrete roof will obviously 
function for the life of the structure without replacement or repair. 

Summary 



In summary, it can be seen that the Abo School cost some- 
what more to build at the outset, but that this increase cost per- 
mitted the installation of a number of extra features, such as air 
filters. Abo School's expenses for lighting were comparable to 
those of the windowless school. Yucca. The heating costs in both 
of these schools were considerably less than in the conventional 
school. The costs for custodial services were somewhat less in the 



Abo School . 
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CHAPTER V 
TEACHER VARIABLES 

A crucial element in any child's learning environment is the 
teacher. Although the relative importance of physical factors vs. 
those of teachers is unknown, there is reason to believe th^-'t the 
latter factor is indeed significant. Consequently, in a study 
which focuses primarily upon the physical factors within the 
environment, it becomes imperative to examine the nature of the 
teacher variables. How to control the teacher variable is a 
vexatious problem that has not been solved to the satisfaction of 
researchers. In this study, the factor might have been controlled 
by having teachers actually teach for certain periods of time in 
each of the several physical environments. Unfortunately, as is 
often the case, this elegant procedure was impractical. In its 
stead, we examined several relevant, noncognitive variables, as well 
as certain teacher characteristics. The basic hypothesis in each 
case was that the Abo teachers were not significantly different from 
the teachers in the other three schools (and subsequently, in two 
Nevada schools as well). A finding that Abo teachers were similar 
to the other teachers in the study would tend to lend credence to 
the conclusion that the Abo pupils encountered a teaching faculty 
that was comparable to that of pupils in the other schools. This 
analysis considered three areas: teacher characteristics as described 

in their personnel files, anxiety as measured by one of Taylor's 
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instruments, and measures of various attitudinal-personality scales. 
Teacher Characteristics 

The teachers' personnel files offered data on the following 
points: age, education, experience, marital status, sex, and advanced 

degrees. Prior researchers have felt that these elements may or may 
not affect teacher effectiveness (Getzels 6e Jackson, 1963, pp. 568 ff.). 
Means and percentages of teacher characteristics appear in Table 5, 
"Teacher Characteristics." 

Table 5 shows that there was a tendency for the Abo teachers 
to be slightly younger with their mean age of 41.9 compared, for 
instance, v;ith the mean age of 43.1 for Yucca teachers; that they 
had somewhat more education, but less experience. Each of these 
variables was tested by analysis of variance, and no differences 
reached the 5% level of significance. As an illustration. Table 6, 
"Analysis of Variance for Age," is reported. The low F of 0.85 lacks 
significance . 

From Table 6, and from comparable data computed but not here 
reported in the interest of brevity, it was concluded that the 
teachers of the four schools were pretty much alike with respect to 
age, credit hours, advanced degrees (M.A. and above), years of 
teaching experience, marital status, and percentage of males. Any 
differences were regarded as fluctuations due to chance, rather than 
to systematic bias. 
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Table 5 

Teacher Characteristics 



Variable 



Mean % with 

No. of Mean credit M.A. or Years % % 



School 


teachers 


age 


hours 


above 


exper . 


Single 


Males 


Abo 


17 


41.9 


153.6 


53 


14.4 


18 


29 


Central 


16 


47.2 


147.1 


28 


16.7 


19 


25 


Hermosa 


19 


46.2 


149.7 


47 


16.0 


11 


26 


Yucca 


15 


43.1 


144.5 


47 


16.7 


13 
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Table 6 



Analysis of Variance for Age 



Source 


M. 


Stan of squares 


Mean square 




Between schools 


3 


308.57 


102.86 


.85 


Within 


61 


7,408.84 


121.46 




Total 


64 


7,717.41 







*No significant difference in F Ratio 




Teacher Anxiety 



Taylor s "A Personality Scale of Manifest Anxiety” was 
administered to the teachers during the spring of 1963. Although 
the literature on the effects of anxiety upon the learner is growing, 
little has been offered regarding the effects of anxiety upon 
teachers. That is, the relation between teacher anxiety and pupil 
behavior has not received much research attention. However, for our 
purposes, it was sufficient to determine whether or not the teachers 
in the four schools were comparable on this variable. It would have 
been most interesting to follow anxiety as a function of time and 
environment, and to follow the relations of teacher anxiety to pupil 
behavior; this must remain for future researchers. As mentioned 
earlier, the first project was infeasible due to unfavorable 

community climate, and the second was outside the realm of this 
study. 

The results of the Taylor test appear in Table 7’, "Taylor's 
Anxiety Scales: Means and Standard Deviations by Schools." The 

table shows that although there were slight variations in anxiety 
scores from school to school, these differences did not reach 
statistical significance; the observed differences can be regarded 
as chance variations, rather than systematic differences between 
schools (F = 0.2, which lacks significance at the 5 % level). 



Table 7 



Taylor’s Anxiety Scales: Means and 
Standard Deviations by Schools 







School 






Variable 




Abo Central 


Hermosa 


Yucca 


Number of teachers 




17 18 


17 


15 


Mean 




8.59 9.06 


9.67 


8.17 


S oD , 




5.54 4.83 


5.46 


5.83 


Source 


df 


Analysis of Variance 
Sura of squares 


Mean square 


F* 


Between schools 


3 


20.3 


6.8 


0.2 


Within schools 


63 


1,958.9 


31.1 




Total 


66 


1,979.2 







*No significant difference in F Ratio 
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Teacher Attitudes 

Tv;o measures were employed in an attempt to determine whether 
or not the Abo teachers differed significantly from their colleagues 
in their attitudes. Holemon (1963) has offered evidence that his 
scales possess reasonable reliability and validity. This instrument 
measures attitudes toward parents, the career of teaching, and 
administrative rules and procedures. In addition, Moeller's "Sense 
of Power" scale was administered. In his usage, sense of power refers 
to the degree to which the teacher feels that she has the professional 
autonomy to function adequately in the classroom and school environ- 
ment . 

The data from these attitude inventories appear in Table 8, 
"Mean Scores of Teachers' Attitudes, by Schools." Cursory examination 
of the table suggests that these teachers are indeed homogeneous with 
respect to the variables assessed by the two sets of scales. The 
more exact tests afforded by analyses of variance support the visual 
impression: the small differences fail to approach statistical 

significance . 

We concluded that the Abo teachers were not unlike their 
colleagues in Central, Hermosa, and Yucca schools with respect to 
this batch of variables. 

A questionnaire was sent to all classroom teachers in the four 
Artesia schools. The teachers were asked to give their opinions 
concerning certain school environmental variables. The responses 
to the questionnaire are reported in Table 9. 



